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• Forests are a renewable resource if they are sustainably 
managed
• Sustainable development (Our Common Future, Brundtland
report, 1987):
“Sustainable development is development that meets 
the needs of the present without compromising the ability 
of future generations to meet their own needs”
 “Needs” in particular the essential needs of the world's 
poorest people, to which they should be given overriding 
priority
 Limitations which is imposed by the state of technology and 
social organization on the environment's ability to meet both 
present and future needs
Sustainable forest management
• Definition of SFM:
“The stewardship and use of forests and forest lands in a 
way, and at a rate, that maintains their biodiversity, 
productivity, regeneration capacity, vitality and their 
potential to fulfill, now and in the future, relevant 
ecological, economic and social functions, at local, 
national, and global levels, and that does not cause 
damage to other ecosystems”





SFM in Rio Conventions
Sustainable Development Goals and 
UN Strategic Plan for Forests 2017-2030
• Vision of the strategic plan for forests of the United Nations Forum 
on Forests:
“A world where all types of forests and trees outside forests 
are sustainably managed, contribute to sustainable 
development and provide economic, social, environmental and 
cultural benefits for present and future generations”
What is the role of GIS in 
Sustainable Forest Management?
GIS can address all dimensions of SFM:
1. Improved governance (e.g. delimitation of forest units)
2. Economic feasibility (e.g. timber harvest optimization)
3. Social inclusion (e.g. participatory approaches)
4. Environmental integrity (e.g. forest genetic resources 
management)
Example of improved governance:
GIS to delimit forest units
Case study in Gabon: there are three types of forest licenses
in Gabon (Forestry Act 2001) 
• Forest concessions (≥ 50,000 ha in area)
• Small forest permits (< 50,000 ha in area)
• Permits under direct selection (less than 50 trees)
In 2008, 
• 2.25 million ha of forests with small forest permits
• 9.90 million ha of forests with forest concessions
• Total forest area: 21.1 million ha (80% of the country)












Two different data bases of forest permit polygons:
• Data base of the Ministry of Water and Forests: for forest 
management and control
• Data base of the Ministry of Finance: for forest concession taxes 
(based on concession area) 
Positioning errors (shifts, 
rotation…)
Delimitation errors Differences in details
Reasons for differences: 
• Some polygons digitized from raster maps
 Background raster maps vs. satellite images
 Differences in georeferencing (different reference points)
 Digitizing scales
• But also GPS points taken in the field
Importance to share common information among all 
stakeholders (more than a technical GIS problem)
• For consistent forest management across all stakeholders
• Also for consistent land use planning (e.g. Ministry of Mines: 










Example of economic feasibility:
GIS to optimize timber harvest
Case study in Kalimantan, Indonesia:
• Selective logging: only a few species are logged
• Permanent road network is limited
• Logging survey: the spatial location of every tree to log 
is known
How to design the network of roads/skid 




Multiple target access problem (MTAP)
• Access to 60 trees from 
the logyard
• without getting out of the 
logging block
Logyard
Only considers the 
building cost (once a 
road segment is built, 
no additional cost 
when re-using it to 
access another tree)
 Buidling cost depends 
on relief (slopes) and 
hydrology (rivers to 
cross)
Hand made solution
How much can be 
saved by looking for a 
numerical optimized 
solution? 
Digital terrain model Cost surface (accounting for hydrology and slide slope)
• The multiple target access 
problem (like the travelling 
salesman problem) is NP-
hard 
• Practically, finding the 
optimum by assessing all 
possible combinations 
requires too much time 
(even for few  targets)
Heuristics to solve the 
MTAP problem
Dijkstra’s algorithm: least cost path 
from origin to all locations
Heuristic #1: independent paths with 
reduction
1. Search the least-
cost path from the 




2. Remove redundant 
segments
Heuristic #2: iterative source to closest target
1. The target that is the 
closest to the current 
network is connected 
to it
2. The shortest path from 
this nearest target to 
the current network is 
merged with the 
network
3. Update the least cost 
surface
4. Iterate until no target 
left
Heuristic #3: 2nd-order hierarchical clustering
1. Initially there are m = 60 
+ 1 unconnected 
“segments” 
2. All 𝐶𝐶𝑚𝑚2 paths that 
connect 2 segments are 
computed, and the least 
cost one is selected
3. The 2 segments are 
connected by the least 
cost path, so that m is 
reduced by one
4. Iterate at step 2 till m = 1
Heuristic #4: 3rd-order hierarchical clustering
1. Initially there are m = 60 
+ 1 unconnected 
“segments” 
2. All 𝐶𝐶𝑚𝑚3 paths that 
connect 3 segments are 
computed, and the least 
cost one is selected
3. The 3 segments are 
connected by the least 
cost path, so that m is 
reduced by two
4. Iterate at step 2 till m = 1
Heuristic #5: minimum spanning tree
1. Partition the block into 
Voronoï cells based on 
the targets and source 
2. Build a graph joining
neighboring cells
3. Build the minimum 
spanning tree of this 
graph using Kruskal’s
algorithm
4. Prune useless branches 
of the minimum 
spanning tree
Heuristic #2 provides a good trade-off 
between gain and computing time
Lessons learned
• Forest engineers at Bulungan paid too much attention to 
crests and streams to the detriment of the length of the 
road network
• Do not replace hand-made solutions by automatic 
solutions but rather provide computer assisted design 
(e.g. to question relative unit costs)
The way forward
• Two-level road network: secondary roads vs. skid trails
• Include travelling cost
• Temporal constraints: optimize the schedule of road 
construction
• Integrate in the cost others dimensions than the economic 
dimension, e.g. environmental/ecological “costs”:
 Conserve high value trees (e.g. seed trees)
 Minimize damage from skidding (e.g. limit soil compacting 
from repeated travels)
 Conserve areas with steep slopes
Example of environmental 
integrity: GIS to manage forest 
genetic resources
Case study in the Mediterranean basin:
• Hot spot of climate change
• Very high level of tree species diversity and endemism
• Genetic resources are key for adaptation to climate 
change
How to identify important forest genetic 
resources?
Marginal tree populations 
• Marginal forest tree population = population that grows at 
the ecological, altitudinal or geographical edges of a 
species distribution
• Ecological marginality: margins of the realized ecological 
niche of the species
• Geographical marginality: margins of the geographical 
distribution range of the species
• Marginal populations are likely to have developed specific 
genetic variants and genetic resources found nowhere else
• Priority for conservation / to be addressed in adaptation 
plans
How to define geographical marginality?
It is linked to genetic processes (gene flows depend on 
proximity):
• Is the population close to/far from 
the centroid of the overall 
geographic distribution of 
the species?
• Center/periphery: Is the population 
close to/far from the edges of 
the patches forming the 
distribution range of the species?
• Size: Is the population 
belonging to a patch that is 
small/big?
• Isolation: Is the population 
belonging to an isolated patch?
What is the distribution range of a 
species?
Information collected from different sources:
• National forest inventories/management inventories
• Floras and atlases
• Presence in grids
• Herbarium collections
 Different kinds of data (presence/absence or presence 
only)
 Different kinds of spatial objects (points, polygons, 
rasters…)
 Synthesis as a distribution map is a question by itself!
Pinus halepensis Mill.





Mathematical morphology used to 
defined marginality indexes
Preliminary step: remove noise using successive dilations and 
erosions
Morphological spatial pattern analysis
GuidosToolbox from the 





Core areas for Pinus pinaster
Distance to the centroid
• Conductance surface:
 High conductance for 
land where the 
species is present
 Intermediate
conductance for land 
where the species is
absent
 Low conductance for 
water
• Least cost surface 
computed from
conductance surface
Distance to the nearest edge
• Euclidean distance to 
the nearest edge (as 
defined by the 
morphological spatial 
pattern analysis)
Size or the patch index
• Ai = area of the ith
core zone
• di(x) = distance from 
location x to the ith
core zone









• Distance to the 
second nearest core 













How to make the best of GIS for 
sustainable forest management?
• Facilitate access to open geospatial data
• Develop open GIS tools that meet countries’ needs
FAO GeoNetwork
http://www.fao.org/geonetwork/
A portal to spatial data and information
• Administrative and Political Boundaries
• Agriculture and Livestock
• Applied Ecology
• Base Maps, Remote Sensing and 
Toponomy
• Biological and Ecological Resources
• Climate
• Fisheries and Aquaculture
• Forestry
• Human Health
• Hydrology and Water Resources
• Infrastructures
• Land Cover and 
Land Use
• Population and 
Socio-Economic 
Indicators





A set of free and open-source software tools that facilitates 










As such, it has become an essential tool, from forest 
policy development (land use) to forest monitoring
• Research needed to continue developing GIS tools
• Key item at stake: open access to geospatial data and 
tools for knowledge sharing and transparency in 
reporting
Thanks for your attention
